The N-alkylation of a variety of isatins with alkyl or benzylic halides can be effected under microwave irradiation in ethanol using 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as a base. The conditions employed allow for the expedited synthesis of such substrates wherein the products precipitate from the reaction mixture in high yields and high purity after simple filtration. As will be described, microwave irradiation provides a relatively rapid means of effecting N-alkylations of isatin with a variety of benzylic halides, propargyl bromide and ethyl bromoacetate in times ranging from 10-25 min at 140 o C in closed vials. This report involves the first reported use of DBU for this purpose, and in contrast to other methods, allows for the facilitated isolation of pure products while avoiding extractive or chromatographic purification steps.
Introduction
Increased attention is being devoted to exploiting the chemistry 1, 2 and bioactivity 3 of the highly diversifiable isatin nucleus. 4, 5 The "privileged" 6 nature of this scaffold and its central role as progenitor to other classes of biologically active heterocycles, 7, 8 provides incentive for the development of expedient protocols for the embellishment of this core structure, especially in terms of N-alkylation. 9 To that end, several groups have devised parallel methods for such an operation, minimizing purification and amenable to automation under thermal or microwave conditions. Noteworthy examples include a parallel microwave procedure employing K 2 CO 3 /KI in acetonitrile (160 o C, 10 min) 10 and an analogous process in DMF (150 o C, 5-15 min). 11 Alternatively, with regard to devising highly efficient and rapid solution phase methodologies for the parallel synthesis of diverse isatins, Shuttleworth utilized polymersupported 2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine (BEMP) on polystyrene for the preparation of a library of serine protease inhibitors,
Results and Discussion
In devising highly efficient and rapid solution phase methodologies for the parallel preparation of diverse isatins, it was envisaged that the use of a soluble base under microwave conditions might constitute a useful expedient. Since it appeared that the N-alkylation of isatin had yet to be conducted under microwave irradiation using DBU, it was decided to examine the use of this basic catalyst in ethanol (EtOH) under microwave irradiation in a CEM Discover microwave (300 watts). The initial parameters involved using DBU (1.1 equiv) for the model reaction of isatin (0.3 g, 2.00 mmol) and benzyl chloride (1.5 equiv) to yield 1-benzylindoline-2,3-dione in EtOH (3 mL) in a microwave vial (10 mL). Reactions were conducted at temperatures from 120°C to 140°C in 10 degree increments and at time intervals of 10 and 25 min after which reactions were monitored by GC/MS to ascertain completeness. For the prototype reaction above, it was found that complete conversion was effected at 140°C for 10 min. Using these optimal parameters for temperature and time, it was found that increasing the amount of DBU to 1.5 equiv did not result in substantially enhanced conversion. Therefore, these conditions were employed to conduct other N-alkylation reactions using isatin and DBU to produce the desired N-alkylated isatins (Scheme 1). Table 1 displays a summary of the microwave irradiation process providing a rapid means of effecting N-alkylations of isatins with a variety of benzylic halides, propargyl bromide, and ethyl bromoacetate. The yields listed are a summation of the pure solid obtained upon the first crystallization and that obtained by chromatographic purification of the filtrate. In all instances, the material obtained by crystallization from the reaction medium was pure, as determined by GC/MS and in most cases provided sufficient amounts of material to be carried on in subsequent steps if desired.
In general, alkylation of isatins bearing electron-withdrawing substituents at the C-5 position could be effected at lower temperatures albeit with longer reaction times. Additionally, electron withdrawing groups on the benzylic halides also served to enhance observed reactivity in comparison to those rings not similarly substituted or the propargyl halide. In the case of the Npropargylation of isatin itself (entry 2), it was determined that the use of a ramp technique in the microwave allowed for a higher yield but such a protocol was unnecessary in other reactions. It is also noteworthy that ethyl 2-(5-chloro-2,3-dioxoindolin-1-yl)acetate (6) formed rapidly at room temperature upon mixing of the reactants. Thus, the use of the soluble base DBU in conjunction with a suitable crystallizing solvent under microwave conditions allows for the expedited construction of a small library of Nalkylated isatins which could be isolated in a pure state and in synthetically useful yields by simple filtration.
Conclusions
The development of a convenient synthesis of N-alkylated isatins with various alkyl halides under microwave irridiation was examined using the soluble liquid base DBU. With the use of this soluble base, an expedited synthetic protocol was devised wherein product isolation could be effected by simple filtration of the reaction mixture.
Experimental Section
General. Melting points were determined via the use of open capillaries with an Electrothermal melting point apparatus. The 
Ethyl 2-(2,3-dioxoindolin-1-yl)acetate (1).
To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added isatin (0.3111 g, 2.11 mmol), DBU (325 μL, 1.1 eq) and ethyl bromoacetate (257 μL, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 10 min at 140 o C with a pre-stirring 30 sec. After cooling to rt, the reaction vessel was allowed to stand overnight in a freezer and then vacuum filtered to afford the pure (TLC, GC/MS) product as a light orange solid (0.1049 g, 21%): mp 105-110 ºC (lit. -2-yn-1-yl)indoline-2,3-dione (2) . To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added isatin (0.3064 g, 2.08 mmol), DBU (342 μL, 1.1 eq) and propargyl bromide (210 μL, 1.1 eq). 1-(2,6-Dichlorobenzyl)indoline-2,3-dione (4). To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added isatin (0.3062 g, 2.08 mmol), DBU (342 μL, 1.1 eq) and 2,6-dichlorobenzyl bromide (0.5711 g, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 10 min at 140 o C with a pre-stirring 30 sec. After cooling to rt, the reaction vessel was allowed to stand overnight in a freezer and then vacuum filtered to afford the pure (TLC, GC/MS) product as an orange solid (0.4151 g, 65%): mp 181-186 ºC (lit. 
1-(Prop

1-(2,6-Difluorobenzyl)indoline-2,3-dione (5).
To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added isatin (0.2962 g, 2.01 mmol), DBU (329 μL, 1.1 eq) and 2,6-difluorobenzyl bromide (0.5278 g, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 10 min at 140 o C with a pre-stirring 30 sec. After cooling to rt, the reaction vessel was allowed to stand overnight in a freezer and then vacuum filtered to afford the pure (TLC, GC/MS) product as yellow-orange solid (0.2469 g, 45%): mp 155-158 ºC (lit. 
Ethyl 2-(5-chloro-2,3-dioxoindolin-1-yl)acetate (6).
To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added 5-chloroisatin (0.3689 g, 2.00 mmol), DBU (329 μL, 1.1 eq) and ethyl bromoacetate (243 μL, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 20 min at 120 o C with a pre-stirring 30 sec. After cooling to rt, the reaction vessel was allowed to stand overnight in a freezer and then vacuum filtered to afford the pure (TLC, GC/MS) product as a light orange solid (0.1662 g, 31%): mp 126-128 ºC (lit. -1-(prop-2-yn-1-yl)indoline-2,3-dione  16 (7) . To a 10 mL microwave vial charged with ethanol (3mL) and a magnetic stir bar was added isatin (0.3632 g, 2.00 mmol), DBU (329 μL, 1.1 eq) and propargyl bromide (201 μL, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 20 min at 110 o C with pre-stirring 30 sec. After cooling to rt, the reaction vessel was placed in the freezer overnight and then vacuum filtered to afford a pure (GCMS/TLC) orange solid (0.0521 g, 12%): mp 157-159 ºC; R f = 0.51(hexanes/EtOAc, 1:1). The filtrate was then evaporated under reduced pressure to afford an orange oil which was purified by silica gel chromatography (hexanes/EtOAc, 70:30) to give additional product (0.3145 g) for a combined overall yield of 64%: Benzyl-5-chloroindoline-2,3-dione (8) . To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added 5-chloroisatin (0.3785 g, 2.08 mmol), DBU (329 μL, 1.1 eq) and benzyl chloride (257 μL, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 20 min at 140 o C with a pre-stirring 30 sec. After cooling to rt, the reaction vessel was placed in the freezer overnight but did not afford a solid. The resulting orange-red liquid was then evaporated under reduced pressure to afford an orange oil which was purified by silica gel chromatography (hexanes/EtOAc, 70:30) to afford a pure (GC-MS/TLC) orange red solid (0.3875 g, 71%): mp 130-133 ºC (lit. Benzyl-5-fluoroindoline-2,3-dione (11) . To a 10 mL microwave vial charged with ethanol (3 mL) and a magnetic stir bar was added 5-fluoroisatin (0.3310 g, 2.00 mmol), DBU (330 μL, 1.1 eq) and benzyl chloride (254 μL, 1.1 eq). The reaction vessel was sealed and heated under microwave irradiation in standard mode for 25 min at 120 o C with a pre-stirring of 30 sec. After cooling to room temperature, the reaction vessel was placed in the freezer overnight and then vacuum filtered to afford a pure (GCMS/TLC) dark red solid (0.1408 g, 28%): mp 128-131 ºC (lit. 
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